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(54) Method of making a camshaft. 

(57) A method of forming a camshaft tube having a plurality of thinner wall sections adjacent to thicker wall 
sections. The diameter of a hollow tube (13) is mechanically reduced with a retractable mandrel (50) 
inserted in the hollow tube. The retractable mandrel has a first portion (54) having a larger diameter than 
an adjacent second portion (52). To form a thinner wall section, the larger diameter first portion is 
positioned under a reducing tool (60). To form a thicker portion, the smaller diameter second portion is 
positioned under a reducing tool. 
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This invention relates generally to camshafts for 
reciprocating piston engines and more particularly to 
a method of making a camshaft where the cams and 
shaft are produced as individual elements and are 
fastened together forming the camshaft. 

One method of manufacturing camshafts in- 
volves forming the cams separately by methods such 
as powdered metallurgy. The cams are then fastened 
to a hollow tube using known fastening processes, 
such as welding, brazing or expansion of the hollow 
tube. Bearing or journal surfaces are machined onto 
the hollow tube between cams. Another method of at- 
taching the cams, described in US-A-4 858 295, 
leaves a plurality of projections on the outside of the 
hollow tube between cams. These projections must 
be removed in order to form the journal surfaces. 

The displacement of material caused by an ex- 
pander tool during expansion of the hollow tube in- 
duces work hardening and stress into the tube. Lim- 
iting work hardening reduces the risk of failure due to 
tube splitting. 

According to one aspect of the present invention, 
there is provided a method of forming a camshaft 
tube comprising the steps of providing a hollow tube, 
providing a retractable mandrel, the retractable man- 
drel having a first portion and a second portion adja- 
cent the first portion, the diameter of the first portion 
being larger than the diameter of the second portion, 
inserting the retractable mandrel into the hollow tube, 
mechanically reducing a first section of the hollow 
tube, the first portion of the retractable mandrel being 
positioned under the section of the hollow tube being 
reduced, positioning the second portion of the retract- 
able mandrel under a second section of the hollow 
tube, and mechanically reducing the second section 
of the hollow tube, the second portion of the retract- 
able mandrel being positioned under the section of 
the hollow tube being reduced. 

According to a second aspect of the present in- 
vention, there is provided a method of forming a cam- 
shaft tube comprising the steps of providing a hollow 
tube, providing an axial ly extending retractable man- 
drel, the retractable mandrel having a first portion and 
a second portion adjacent the first portion, the diam- 
eter of the first portion being larger than the diameter 
of the second portion, the second portion being an 
end of the retractable mandrel, inserting the retract- 
able mandrel into the hollow tube, positioning the re- 
tractable mandrel whereby the first portion of the re- 
tractable mandrel is positioned under a first section 
of the hollow tube and providing a swaging tool; 
mechanically reducing the first section of the hollow 
tube by pushing the hollow tube through the swaging 
tool, the retractable mandrel also being moved to 
keep the first portion of the retractable mandrel posi- 
tioned under the section of the hollow tube being re- 
duced, retracting the retractable mandrel to position 
the second portion of the retractable mandrel under 



a second section of the hollow tube, mechanically re- 
ducing the second section of the hollow tube, repeat- 
ing the steps of positioning the retractable mandrel 
whereby the first portion of the retractable mandrel is 
5 positioned under a first section of the hollow tube, 
mechanically reducing the first section of the hollow 
tube by pushing the hollow tube through the swaging 
tool, the retractable mandrel also being moved to 
keep the first portion of the retractable mandrel posi- 
10 tioned under the section of the hollow tube being re- 
duced, retracting the retractable mandrel to position 
the second portion of the retractable mandrel under 
a second section of the hollow tube, and mechanically 
reducing the second section of the hollow tube by 
15 pushing the hollow tube through the swaging tool, 
thereby forming a plurality of first sections and sec- 
ond sections, the inner diameter of a first section be- 
ing largerthanthe innerdiameterofasecond section. 
For a better understanding of the invention and to 
20 show how the same may be carried into effect, refer- 
ence will now be made, by way of example, to the ac- 
companying drawings, in which:- 

Figure 1 is a cross-section in part of a camshaft; 
Figure 2 is a cross-section of a hollow tube shown 
25 in Figure 1 after it has been mechanically re- 

duced, showing cams located about the tube; 
Figure 3 is a cross-section view taken along line 
3-3 of Figure 2; 

Figure 4 is a cross-section of the camshaft show- 
30 ing the cams after an expander tool has moved 

partially through the hollow tube; and 
Figures 5A to 5D are cross-sections of a hollow 
tube illustrating the steps of forming the hollow 
tube shown in Figure 2 using a retractable man- 
35 drel. 

Referring to the drawings and more particularly to 
Figure 1, the manufacture of the camshaft is accom- 
plished by slipping cams 10 over a hollow tube 13. 
Other elements in addition to cams 1 0 may be attach- 
40 ed to the hollow tube 13 using this method. This in- 
cludes timing gears, thrust washers, bearing rings, 
etc. The hollow tube 13 has a plurality of areas 16 
which have a thicker wall thickness than the adjacent 
areas 18. The cams 10 are positioned about the thick- 
45 er wall areas 1 6. Some of the thinner wall areas 1 8 are 
used as bearing or journal surfaces. 

The hollow tube 13 is preferably made of form- 
able steel having a maximum hardness of R^O. The 
cams 10 are preferably made of steel which is hard- 
50 enable to a minimum hardness of Rc55. Powder 
forged AISI 4680 series material has also been suc- 
cessfully used as cams 1 0. 

The preferred method for forming the hollow tube 
13 with a plurality of thinner areas (or first sections) 
55 18 and thicker areas (or second sections) 16 utilises 
a swaging operation as illustrated in Figures 5A 
through 5 D. A retractable mandrel 50 is inserted into 
a hollow tube 13. The retractable mandrel 50 has a 
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first portion 54 and an adjacent second portion 52. 
The diameter of the first portion 54 is larger than the 
diameter of the second portion 52. As shown in the 
drawings, the second portion 52 is an end portion on 
a free end of the retractable mandrel 50. The other 
end of the retractable mandrel 50 is attached to a ma- 
chine (not shown). 

The retractable mandrel 50 is positioned within 
the hollow tube 13 with the larger diameter first por- 
tion 54 under a swaging tool or die 60, as shown in 
Figure 5A. The hollow tube 13 and retractable man- 
drel 50 are then pushed through the swaging tool 60, 
from left to right in Figures 5Ato 5D, reducing the out- 
er diameter of the hollow tube 1 3 and forming a thin- 
ner area or first section 18 of the hollow tube 13. The 
retractable mandrel 50 is then retracted to the left to 
position the smaller diameter second portion 52 un- 
der swaging tool 60. The hollow tube is continued to 
be pushed through the swaging tool 60, reducing the 
outer diameter of the hollow tube 13 and forming a 
thicker area or second section 16 of the hollow tube 
13, as shown in Figure 5B. After the second section 
16 is formed, the retractable mandrel 50 and the hol- 
low tube 1 3 are both pushed through the swaging tool 
60, as shown in Figure 5C, forming another thinner 
area or first section 18. The retractable mandrel 50 is 
then retracted to the left to position the smaller diam- 
eter second portion 52 under the swaging tool 60 and 
the hollow tube 1 3 is continued to be pushed through 
the swaging tool 60, forming an additional thicker 
area or second section 16 of the hollow tube 13, as 
shown in Figure 5D. 

The steps of forming additional first sections 18 
and second sections 16 are repeated until a complete 
tube 13 with multiple thinner areas 18 and multiple 
thicker areas 16, as shown in Figure 2, is formed. Pre- 
ferably, the swaging tool 60 reduces the outer diam- 
eter of the hollow tube 13 to the final diameter, such 
thatnoadditional machining or reduction of the hollow 
tube 13 is required. 

The diameter of the first and second portions 54, 
52 of the retractable mandrel 50 determine the inner 
diameter of the firstand second sections 18, 16ofthe 
hollow tube 13. Since the outer diameter of the hollow 
tube 13 is kept constant, the first sections 18 of the 
hollow tube 13 are thinner than the second sections 
16 of the hollow tube 13. 

The preferred axial length for the thicker areas 16 
is slightly less than the axial length of a cam 10. This 
should minimise or preclude any change in the outer 
diameter of the thinner areas 18 when the cams 10 
are fastened to the hollow tube 13. 

The cams 10 are then assembled on the hollow 
tube 1 3 as shown in Figure 2. Each cam 1 0 is aligned 
with a thicker wall area 16. The axial opening of the 
cam 1 0 is slightly larger than the outer diameter of the 
hollow tube, creating a slight gap between the cam 1 0 
and the tube 13 as shown in Figures 2 and 3. 



The cams 10 are held in the proper angular align- 
ment while an expander tool 36 is inserted into the 
hollow tube 13. Figure 4 shows the expander tool 36 
after it has been inserted past two cams 1 0. The outer 
5 diameter of the expander tool 36 is larger than the in- 
ner d iameter of the thicker wall areas 16. The outer d i- 
ameter is also smaller than the inner diameter of the 
thinner wall areas 18. As the expander tool 36 is in- 
serted into the hollow tube 13, the thicker wall areas 
10 16 are expanded outward into contact with the axial 
opening of the cam 1 0. This expansion locks the cams 
10 and the hollow tube 13 into mechanical interfer- 
ence engagement, thereby providing axial retention 
of the cams 10. Since the outer diameter of the expan- 
ds der tool 36 is smaller than the inner diameter of the 
thinner wall areas 18, these areas are not expanded 
during the insertion of the expander tool 36. There- 
fore, these areas 18 typically do not require any ad- 
ditional post assembly machining. 

20 

Claims 

1 . A method of forming a camshaft tube comprising 
25 the steps of providing a hollow tube (13), provid- 
ing a retractable mandrel (50), the retractable 
mandrel having a first portion (54) and a second 
portion (52) adjacent the first portion, the diame- 
ter of the first portion being larger than the diam- 

30 eter of the second portion, inserting the retract- 

able mandrel into the hollow tube, mechanically 
reducing a first section (18) of the hollow tube, 
the first portion of the retractable mandrel being 
positioned under the section of the hollow tube 

35 being reduced, positioning the second portion of 

the retractable mandrel under a second section 
(16) of the hollow tube, and mechanically reduc- 
ing the second section of the hollow tube, the 
second portion of the retractable mandrel being 

40 positioned under the section of the hollow tube 

being reduced. 

2. A method according to claim 1, further compris- 
ing repeating the steps of mechanically reducing 

45 the first section (1 8) of the hollow tube (1 3), the 

first portion (54) of the retractable mandrel (50) 
being positioned under the section of the hollow 
tube being reduced; positioning the second por- 
tion of the retractable mandrel under the second 

so section (52) of the hollow tube and mechanically 

reducing the second section (16) of the hollow 
tube, the second portion of the retractable man- 
drel being positioned under the section of the hol- 
low tube being reduced, thereby forming a plur- 

55 ality of first sections (18) and second sections 

(16), the inner diameter of a said first section be- 
ing larger than the inner diameter of a said sec- 
ond section. 
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3. A method according to claim 1 or 2, further com- 
prising providing a swaging tool (60) and using 
the swaging tool mechanically to reduce the hol- 
low tube. 

5 

4. A method of forming a camshaft tube comprising 
the steps of providing a hollow tube (13), provid- 
ing an axially extending retractable mandrel (50), 
the retractable mandrel having a first portion (50) 

and a second portion (52) adjacent the first por- 10 
tion, the diameter of the first portion being larger 
than the diameter of the second portion, the sec- 
ond portion being an end of the retractable man- 
drel, inserting the retractable mandrel into the 
hollow tube, positioning the retractable mandrel 15 
whereby the first portion of the retractable man- 
drel is positioned under a first section (1 8) of the 
hollow tube and providing a swaging tool (60); 
mechanically reducing the first section of the hol- 
low tube by pushing the hollow tube through the 20 
swaging tool, the retractable mandrel also being 
moved to keep the first portion of the retractable 
mandrel positioned under the section of the hol- 
low tube being reduced, retracting the retract- 
able mandrel to position the second portion of the 25 
retractable mandrel under a second section of 
the hollow tube, mechanically reducing the sec- 
ond section of the hollow tube, repeating the 
steps of positioning the retractable mandrel 
whereby the first portion of the retractable man- 30 
drel is positioned under a first section of the hol- 
low tube, mechanically reducing the first section 
of the hollow tube by pushing the hollow tube 
through the swaging tool, the retractable mandrel 
also being moved to keep the first portion of the 35 
retractable mandrel positioned under the section 
of the hollow tube being reduced, retracting the 
retractable mandrel to position the second por- 
tion of the retractable mandrel under a second 
section of the hollow tube, and mechanically re- 40 
ducing the second section of the hollow tube by 
pushing the hollow tube through the swaging tool, 
thereby forming a plurality of first sections and 
second sections, the inner diameter of a first sec- 
tion being larger than the inner diameter of a sec- 45 
ond section. 



of the hollow tube adjacent the reduced diameter 
zones define larger diameter zones and the larg- 
er diameter zones do not expand during the step 
of expanding the reduced diameter zones. 

7. A method according to claim 6, further compris- 
ing providing an expander tool (36) having a di- 
ameter larger than the inner diameter of the thick- 
er wall zones and smaller than the inner diameter 
of the thinner wall zones; and using the expander 
tool (36) to expand the thicker wall zones of the 
hollow tube into mechanical interference en- 
gagement with the cam elements (10) by insert- 
ing the expander tool into the hollow tube. 



5. A method according to any one of the preceding 
claims, and comprising providing a plurality of 
cam elements (10), each cam element including 50 
an axial opening, inserting the hollow tube (13) 
into the cam elements, each cam element being 
positioned about a reduced diameter zone, and 
expanding the reduced diameter zones of the hol- 
low tube into mechanical interference engage- 55 
ment with the cam elements. 



6. A method according to claim 5, wherein the areas 
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